Background {#S1}
==========

Renal disease is a common manifestation of multiple myeloma (MM), a plasma cell dyscrasia. The spectrum of renal disease includes cast nephropathy, light chain amyloidosis, monoclonal Ig deposition disease and cryoglobulinemic as well as proliferative glomerulonephritis. Patients most often present with abnormal renal function and proteinuria. Occasionally, patients also present with renal tubular dysfunction such as acidification and concentration defects and rarely with Fanconi syndrome (FS) \[[@R1]\]. FS is a proximal renal tubular dysfunction characterized by renal glucosuria, generalized aminoaciduria and hypophosphatemia. Other manifestations may include defect of bicarbonate reabsorption, renal acidification, urinary concentration, potassium as well as sodium and calcium reabsorption \[[@R2]\].

Kidney biopsy in patients with FS due to MM may reveal cytoplasmic crystals in proximal tubule cells or tubulointerstitial nephritis without glomerular lesion. The immunofluorescent studies reveal that the crystals stain strongly for monoclonal light chains. The majority of MM patients who develop FS have κ light chain disease \[[@R3]\]. Besides MM, a multitude of medications and toxins have been reported to cause acquired FS \[[@R2]\].

Lenalidomide is a novel antineoplastic agent active against MM through a variety of mechanisms including inhibition of angiogenesis, induction of apoptosis, immunomodulation, antiproliferative effects, inhibition of the cytokine signaling and stimulation of T-cell activity. The major side effects of this agent include myelosuppression and thromboembolic events. Hypokalemia and hypocalcemia are rare side effects of lenalidomide \[[@R4]\].

We report a patient with refractory IgG λ MM treated with lenalidomide who developed FS.

Case report {#S2}
===========

The patient is a 69-year-old male who presented to the emergency room complaining of severe fatigue and weakness. He had a history of IgG λ MM diagnosed ∼2.5 years ago after presenting with back pain and was found to have vertebral metastases. A bone marrow exam revealed marked interstitial monoclonal λ plasma cell infiltrate. The patient was initially treated with radiation to his spine, followed by a course of thalidomide and dexamethasone. He developed steroid-induced myopathy and his chemotherapy was changed to bortezomib. He also developed fatigue and vomiting on this medication and was noted to have rising free serum λ chains. His regimen was changed to doxorubicin, carmustine, cyclophosphamide and melphalan. He received two cycles but had progression of disease with rising λ chains and prolonged thrombocytopenia. Subsequently, he failed the stem cell collection and was deemed poor candidate for high-dose stem cell transplantation. He was started on oral cyclophosphamide and prednisone and was able to tolerate this therapy well with stable light chain disease for ∼1 year. He was given a brief chemotherapy holiday but was started on lenalidomide 15 mg daily once his serum λ chains began to rise. At the time lenalidomide was initiated the patient\'s serum creatinine was stable at 1.7 mg/dl (0.6--1.3 mg/dl), free serum λ chains 28.5 mg/dl (0.57--2.63 mg/dl). Of note, the patient was also receiving monthly zoledronic acid for treatment of bone disease for 26 months. Three weeks after lenalidomide was started the patient presented to the hospital with fatigue, weakness, orthostatic symptoms, thirst and polyuria. His upright and supine blood pressures were 83/45 and 110/79, respectively. The laboratory data revealed acute renal failure, hypernatremia, hypokalemia, hypophosphatemia, hypouricemia and metabolic acidosis with serum pH of 7.29 and anion gap of 7 (Table [1](#T1){ref-type="table"}). The serum λ light chains were 5.76 mg/dl. Urinalysis showed pH of 7.0 and glucosuria with normal serum glucose level. Twenty-four hour urine collection revealed 1.8 g of protein. Urine osmolality was 128 mOsml/kg. The patient\'s urine output was noted to be 6.1 l in the first 24 h after admission. Fractional excretion of sodium was 4.33% and fractional excretion of phosphate was 65.5%. Twenty-four hour potassium excretion was calculated to be 70 mEq. He underwent hydration with aggressive electrolyte and bicarbonate supplementation. His electrolyte abnormalities improved and urine output decreased over the next several days. He was discharged home 12 days after admission but required oral potassium, phosphorus and bicarbonate supplementation. At two-month follow-up, he was able to discontinue oral supplementation as the electrolyte abnormalities resolved. His renal function improved and the glucosuria also resolved (Table [1](#T1){ref-type="table"}). However, his serum λ light chains started to rise (Table [1](#T1){ref-type="table"}).

###### 

Laboratory data

  Variables                     Treatment with lenalidomide started   At presentation   Two months after discontinuation of lenalidomide   Normal values
  ----------------------------- ------------------------------------- ----------------- -------------------------------------------------- ---------------
  Free serum λ chains (mg/dl)   28.5                                  5.76              33.25                                              0.57--2.63
  Serum sodium (mEq/l)          141                                   147               142                                                136--144
  Serum potassium (mEq/l)       3.6                                   2.7               4.4                                                3.5--5.1
  Serum phosphate (mg/dl)       2.4^a^                                0.8               3.4                                                2.5--4.2
  Serum bicarbonate (mg/dl)     22                                    15                24                                                 24--30
  Serum uric acid (mg/dl)       1.9^b^                                1                 2                                                  3.8--8.5
  Serum creatinine (mg/dl)      1.7                                   2.7               2                                                  0.6--1.3
  Serum glucose (mg/dl)         107^b^                                89                95                                                 70--99
  Urinary glucose (mg/dl)       Negative^b^                           100               Negative                                           Negative

^a^Value was obtained 7 months prior to the initiation of lenalidomide.

^b^Value was obtained 8 months prior to the initiation of lenalidomide.

Discussion {#S3}
==========

To date, no cases implicating lenalidomide as a causative agent of FS have been reported.

Our patient exhibited cardinal features of the FS. He had evidence of severe proximal dysfunction with glucosuria, despite normal serum glucose level, urinary phosphate wasting with high fractional excretion of phosphate in the setting of hypophosphatemia and renal sodium, and potassium wasting. The patient also had impaired bicarbonate reabsorption manifesting as non-anion gap metabolic acidosis with high urinary pH. Concentrating defect was also present with polyuria and low urinary osmolality resulting in hypernatremia due to free water loss. The apparent diabetes insipidus was likely nephrogenic and resulted from severe hypokalemia which causes decreased responsiveness of collecting duct to antidiuretic hormone \[[@R6]\].

The causal relationship between the lenalidomide and development of FS in our patient is very likely. There is strong temporal association between initiation of lenalidomide and development of FS. In addition, FS had resolved several weeks after the discontinuation of the agent.

While FS is a well-established complication of MM, 96% of MM causing FS occurs in setting of κ light chain disease \[[@R3]\]. Monoclonal light chains are incompletely digested in lysosomes of proximal tubules and serve as nidus of crystal formation which in turn causes renal injury by interfering with apical membrane transporters \[[@R3],[@R8]\].

Our patient exhibited partial response to the lenalidomide with evidence of significant decline in serum free λ light chain counts (Table [1](#T1){ref-type="table"}). Given that our patient had λ light chain disease and that he had diminished tumor burden probably resulting in lesser amount of toxic light chains delivered to proximal tubules we postulate that MM is a less likely cause of Fanconi syndrome in our patient.

Acquired FS has been reported as a side effect of many medications. Among the anti-cancer agents ifosfamide is the most frequent offender. The ifosfamide-induced FS is more common in children and is frequently reversible, though chronic renal damage with persistent electrolyte abnormalities has been reported \[[@R2]\]. Pamidronate, a bisphosphonate used for treatment of metastatic bone disease, has also been reported to cause FS \[[@R9]\]. Our patient received zoledronic acid. Although also a bisphosphonate, it has not been reported as a causative agent of FS.

In conclusion, we report the first case of lenalidomide-induced FS. As lenalidomide is gaining a wider role in the treatment of MM and other hematologic malignancies, it is important to be aware of FS as a potential complication of the therapy. Recognizing FS may be difficult in this patient population as symptoms of FS such as generalized weakness, fatigue and bone or back pain may be attributed to MM itself. Discontinuation of the offending drug appears to lead to relatively rapid resolution of the syndrome. Partial or complete oncologic remission and λ light chain disease may help to exclude MM as a cause of FS.
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